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Abstract Sea-level rise (SLR) is magnifying the frequency and severity of coastal flooding. The rate and amount of global mean sea-level (GMSL) rise is a function of the trajectory of global mean surface temperature (GMST). Therefore, temperature stabilization targets (e.g., 1.5
• C and 2.0 • C of warming above pre-industrial levels, as from the Paris Agreement) have important implications for coastal flood risk. Here, we assess differences in the return periods of coastal floods at a global network of tide gauges between scenarios that stabilize GMST warming at 1.5
• C, 2.0 • C, and 2.5
• C above pre-industrial levels. We employ probabilistic, localized SLR projections and long-term hourly tide gauge records to construct estimates of the return levels of current and future flood heights for the 21st and 22nd centuries. By 2100, under 1.5
• C, 2.0 • C, and 2.5 • C GMST stabilization, median GMSL is projected to rise 47 cm with a very likely range of 28-82 cm (90% probability), 55 cm (very likely 30-94 cm), and 58 cm (very likely 36-93 cm), respectively. As an independent comparison, a semi-empirical sea level model calibrated to temperature and GMSL over the past two millennia estimates median GMSL will rise within < 13% of these projections. By 2150, relative to the 2.0
• C scenario, GMST stabilization of 1.5
• C inundates roughly 5 million fewer inhabitants that currently occupy lands, including 40,000 fewer individuals currently residing in Small Island Developing States. Projected changes to the frequency of current 10-, 100-, and 500-year flood levels are quantified using flood amplification factors that incorporate uncertainty in both historical flood return periods and local SLR. Relative to a 2.0
• C scenario, the reduction in the amplification of the frequency of the 100-yr flood arising from a 1.5
• C GMST stabilization is greatest in the eastern United States and in Europe, with flood frequency amplification being reduced by about half.
Introduction
Coastal flooding is a hazard that threatens both life and property. The height of a coastal flood is determined by the combined height of the astronomical tide and storm surge (i.e., the storm tide) and the mean sea level at the time of the event. Rising mean sea levels are already magnifying the frequency and severity of coastal floods (Buchanan et al, 2017; Sweet and Park, 2014) and by the end of the century, coastal floods figure to be among the costliest impacts of climate change in some regions (Hsiang et al, 2017; Diaz, 2016) . Sea-level rise (SLR) is expected to permanently inundate low-lying geographic areas (Marzeion and Levermann, 2014; Strauss et al, 2015) , but these locations will first experience decreases in the return periods of flood events (e.g., Hunter, 2012; Sweet and Park, 2014) .
The rate of global mean sea-level (GMSL) rise depends on the trajectory of global mean surface temperature (GMST; Rahmstorf, 2007; Kopp et al, 2016a; Vermeer and Rahmstorf, 2009) , with the long-term committed amount of GMSL largely determined by the stabilized level of GMST (Levermann et al, 2013) . Thus, the management of GMST has important implications for regulating future GMSL (Schaeffer et al, 2012) , and consequently the frequency and severity of coastal floods. However, GMST stabilization does not imply stabilization of all climate variables. Under stabilized GMST, GSML is expected to continue to rise for centuries, due to the long residence time of anthropogenic CO 2 , the thermal inertia of the ocean, and the slow response of large ice sheets to forcing (Clark et al, 2016; Levermann et al, 2013; Held et al, 2010) . For instance, Schaeffer et al (2012) found that a 2.0
• C GMST stabilization would lead to a GMSL rise (relative to 2000) of 0.8 m by 2100 and > 2.5 m by 2300, but if the GMST increase were held below 1.5
• C, GMSL rise at the end of the 23rd century would be limited to ∼1.5 m. These findings suggest that selection of climate policy goals could have critical long-term consequences for the impacts of future SLR and coastal floods (Clark et al, 2016) .
The Paris Agreement seeks to stabilize GMST by limiting warming to "well below 2.0 • C above preindustrial levels" and to further pursue efforts to "limit the temperature increase to 1.5
• C above pre-industrial levels" (UNFCCC, 2015a) . However, a recent literature review under the United Nations Framework Convention on Climate Change (UNFCCC) found the notion that "up to 2.0
• C of warming is considered safe, is inadequate" and that "limiting global warming to below 1.5
• C would come with several advantages" (UN-FCCC, 2015b). The advantages and disadvantages of each GMST target as they relate to coastal flooding have not been quantified. This is critical as > 625 million people currently live in low-elevation coastal zones, and population growth is expected in these areas (Neumann et al, 2015) . Examining the short-and long-term flood hazard implications of 1.5
• C and 2.0 • C GMST stabilization scenarios, as others have recently done for other climate impacts (e.g. Schleussner et al, 2016a,b; Mitchell et al, 2017; Mohammed et al, 2017) , may better inform the policy debate regarding the selection of GMST goals.
In this study, we employ probabilistic, localized SLR projections to assess differences in the frequency of extreme coastal floods across 1.5
• C, 2.0 • C, and 2.5 • C GMST stabilization scenarios at a global network of 194 tide gauges. We use long-term hourly tide gauge records and extreme value theory to estimate present and future return periods of flood events. We extend our analysis through the 22nd century to account for continuing SLR in order to inform multi-century planning and infrastructure investments. Lastly, we assess differences in the exposure of current populations to future SLR under 1.5
• C, 2.0 • C, and 2.5 • C GMST stabilizations.
Various approaches have been used to project GMSL under GMST targets. For instance, Jevrejeva et al (2016) estimate future local SLR under a GMST increase of 2
• C using an RCP8.5 GMST trajectory that passes through 2
• C of warming by mid-century, but this approach likely underestimates SLR relative to a scenario that achieves 2
• C GMST stabilization by 2100 as it neglects the time-lagged, integrated response of the ocean and cryosphere to warming (Clark et al, 2016) . More generally, studies that condition future flood projections on the Representative Concentration Pathways (RCPs) may be insufficient for assessing the costs and benefits of climate policy scenarios, such as GMST stabilization targets (e.g., Section 13.7.2.2 of Church et al, 2013; Buchanan et al, 2017; Hunter, 2012; Tebaldi et al, 2012) . The RCPs are designed to be representative of a range of emissions scenarios that result in prescribed anthropogenic radiative forcings by 2100 relative to pre-industrial conditions (e.g., 8.5 Wm −2 for RCP8.5). They are not representative of a specific emissions trajectory, climate policy (e.g., GMST target), or socioeconomic and technological change (Moss et al, 2010; van Vuuren et al, 2011 ).
Semi-empirical sea level (SESL) models (Rahmstorf et al, 2012) can estimate future GMSL rise under various GMST scenarios (e.g., Schaeffer et al, 2012; Bittermann et al, in rev) . Unlike their process-based counterparts (e.g., Kopp et al, 2014) , SESL models do not explicitly model individual physical components of sea-level change. They are calibrated over a historical period using the observed statistical relationship between GMSL and a climate parameter (such as GMST). Assuming these relationships hold in the future, SESL models project the rate of GMSL change conditional upon a GMST pathway (e.g., Rahmstorf, 2007; Vermeer and Rahmstorf, 2009; Kopp et al, 2016a) . However, SESL models do not produce estimates of local SLR, which are necessary for local risk assessment and adaptation planning because local SLR can substantially differ from the global mean (Milne et al, 2009 ).
Methods
We project global and local sea level under 1.5
• C, 2.0 • C, and 2.5 • C GMST stabilization targets using the component-based, probabilistic, local sea level projection framework from Kopp et al (2014, henceforth K14) . We compare the resulting GMSL projections to those from the semi-empirical sea level (SESL) model of Kopp et al (2016a) . While SESL models cannot produce local projections of SLR, they can serve as a reference point for evaluating the consistency of process-based projections with historical temperature-GMSL relationships. The flow and sources of information used to construct the local SLR and GMSL projections using the K14 method is depicted in Fig. S-1A , while the flow of information used to generate the SESL projections is provided in Fig. S-1B . Local SLR projections from the K14 approach are combined with historical flood distributions to estimate future return periods of historical flood events ( Fig. S-1A ).
Component-based model approach: Global and local sea-level rise projections
Global sea-level change does not occur uniformly. Dynamic ocean processes (Levermann et al, 2005) , changes to temperature and salinity (i.e., steric processes), changes in the Earth's rotation and gravitational field associated with water-mass redistribution (e.g., land-ice melt; Mitrovica et al, 2011) , and glacial isostatic adjustment (GIA; Farrell and Clark, 1976) cause local sea levels to differ from the global mean. We model local sea level using the K14 framework, but make modifications to accommodate the stratification of AtmosphereOcean General Circulation Models (AOGCMs) and RCPs into groups that meet GMST stabilization targets (see Section 2.1.1). AOGCM output from the Coupled Model Intercomparison Project (CMIP) Phase 5 archive (Taylor et al, 2012) forced with the RCPs (to 2100) and their extensions (to 2300) are used for the following SLR components: global mean thermal expansion (TE), local ocean dynamics, and glacial ice contributions (GIC; Marzeion et al, 2012) . Antarctic Ice Sheet (AIS) and the Greenland Ice Sheet (GIS) contributions are estimated using a combination of the Intergovernmental Panel on Climate Change's (IPCC) Assessment Report 5 (AR5) projections of ice sheet dynamics and surface mass balance (SMB) (Table 13.5 in Church et al, 2013) and expert elicitation of total ice sheet mass loss from Bamber and Aspinall (2013) . As in AR5, ice sheet SMB contributions are represented as being dependent on the forcing scenario, while ice sheet dynamics are not. Here, we use AR5's AIS and GIS SMB contributions from RCP2.6 for both the 1.5
• C and 2.0 • C GMST scenarios and the RCP4.5 projection for the 2.5
• C GMST scenario (Table 13 .5 in Church et al, 2013) . A spatiotemporal Gaussian process regression model is used to estimate the long-term contribution from non-climatic factors such as tectonics and GIA. To generate probability distributions of global mean and local sea level at a global network of tide gauge sites (Table S-1) for each GMST scenario, we use 10,000 Latin hypercube samples of probability distributions of individual sea level component contributions.
Approximating Global Temperature Stabilization with RCPs
The RCP-driven experiments in the CMIP5 archive are not designed to inform the assessment of climate impacts from incremental temperature changes. As such, we construct alternative ensembles for 1.5
• C scenarios using CMIP5 output according to each AOGCM's 2100 GMST. Specifically, we create ensembles for 1.5
• C, 2.0 • C, and 2.5 • C scenarios with AOGCMs that have a 2100 GMST increase (19-yr running average) of 1.5
• C (± 0.25 • C) relative to 1875-1900. Selection of the AOGCMs for each scenario ensemble are made irrespective of the AOGCM's RCP forcing. For model outputs that end in 2100, we extrapolate 19-yr running average GMST to 2100 based on the 2070-2090 trend. While we chose 2100 as the determining year for which AOGCMs are selected for each ensemble, it should be noted that Article 2 of the UNFCCC (UNFCCC, 1992) does not require that GMST stabilization be achieved within a particular time frame. The Paris Agreement likewise does not specify a timeframe for GMST stabilization, though its goal of brining net greenhouse gas (GHG) emissions to zero in the second half of the 21st century implies a similar time frame for stabilization. We make the assumption that AOGCM outputs that end at 2100 either stay within the range of the target ± 0.25
• C or fall below by any amount (i.e., undershoot). For AOGCMs that have GSMT output available after 2100, only those that undershoot the target are retained. However, we make an exception to this rule for the 2.5
• C scenario ensemble in order to include AOGCMs for generating post-2100 projections. For RCP4.5 and RCP6, GMST stabilization should not occur before 2150, when greenhouse gas concentrations stabilize (Meinshausen et al, 2011b) and so SLR projections after 2100 may not be representative of conditions under true GMST stabilization.
The GMST trajectories and GMSL contributions from TE and glacial ice from selected CMIP5 models that are binned into 1.5
• C, 2.0 • C, and 2.5 • C GMST categories are shown in Figs. 1 and S-2, respectively. For consistency with the K14 framework, which models 19-yr running averages of SLR relative to 2000, GMST is anomalized to 1991-2009 and then shifted upward by 0.72
• C to account for warming since 1875-1900 (Hansen et al, 2010; GISSTEMP Team, 2017) . Table S-2 lists the AOGCMs employed in each GMST scenario ensemble and the sea-level components used. Given the paucity of CMIP5 output after 2100, the range of TE and GIC contributions to SLR in the 22nd century is likely underestimated relative to the 21st century.
2.2 Global mean sea-level rise projections from a semi-empirical sea level model
We generate estimates for GMSL for 2000-2100 using the SESL model from Kopp et al (2016a) driven with both GMST trajectories from CMIP5 models ( Fig. 1 ) and GMST trajectories from the reduced-complexity climate model MAGICC6 (Meinshausen et al, 2011a , as employed in Rasmussen et al, 2016) for 2100 GMST targets of 1.5
• C (± 0.25 Fig. S-3 ). The MAGICC6 GSMT trajectories are selected from all RCP-grouped projections using the same criteria as in Section 2.1.1. The SESL model is calibrated to the Common Era temperature reconstruction from Mann et al (2009) and the sea level reconstruction of Kopp et al (2016a) . The historical statistical relationship between temperature and the rate of sea-level change is assumed to be constant; not included are nonlinear physical processes or critical threshold events that could substantially contribute to SLR, such as ice sheet collapse (Kopp et al, 2016b; Levermann et al, 2013) . Threshold behavior is partially incorporated in the K14 framework through expert assessments of future ice sheet melt contributions (Bamber and Aspinall, 2013) , which may be one reason why the K14 framework produces higher estimates in the upper tail of the SLR probability distribution for 2100.
Flood frequency estimation

Historic flood return levels
Extreme value theory is used with tide gauge observations to estimate the return levels of flood events of a given height, including those that occur less often, on average, than the length of the observational record (Coles, 2001b,a) . Following Tebaldi et al (2012) and Buchanan et al (2016 Buchanan et al ( , 2017 , we employ a generalized Pareto distribution (GPD) and a peaks-over-threshold approach to estimate the return periods of historical flood events at tide gauges. The GPD describes the probability of a given flood height conditional on an exceedance of the GPD threshold. Here, we use as the threshold the 99th percentile of daily maximum sea levels, which is generally both above the highest seasonal tide and balances the bias-variance trade-off in the GPD parameter estimation 1 (Tebaldi et al, 2012) . The number of annual exceedances of the GPD threshold is assumed to be Poisson distributed with mean λ. The GPD parameters are estimated using the method of maximum likelihood with tide gauge observations referenced to Mean Higher High Water (MHHW) 2 above the 99th percentile in each tide gauge's record (see Supporting Information). Uncertainty in the GPD parameters is calculated from their covariance and is sampled using Latin hypercube sampling of a 1000 normally distributed GPD parameter pairs. For a given tide gauge, the annual expected number of exceedances of flood level z is given by N (z):
where the shape parameter (ξ) governs the curvature and upward statistical limit of the flood return curve, the scale parameter (σ) characterizes the variability in the exceedances caused by the combination of tides and storm surges, and the location parameter (µ) is the threshold water-level above which return-levels are estimated with the GPD. Meteorological and hydrodynamic differences between sites gives rise to differences in the shape parameter (ξ). Flood frequency distributions with ξ > 0 are "heavy tailed", due to a high frequency of extreme flood events (e.g., tropical and extra-tropical cyclones). Distributions with ξ < 0 are "thin tailed" and have a statistical upper bound on extreme flood levels. Events that occur between λ and 182.6/year (i.e., exceeding MHHW half of the days per year) are modeled with a Gumbel distribution as they are outside of the domain of the GPD.
Flood frequency amplification factors
The amplification factor (AF) quantifies the increase in the expected frequency of historical flood events (e.g., the 100-yr flood) due to SLR (Buchanan et al, 2017; Hunter, 2012; Church et al, 2013) . Due to variation in the local storm climate and hydrodynamics, the height of flood events are unique to each location (SI Fig.  S-4 ). The calculation of the expected AF includes both the uncertainty in the estimates of the return periods of historical flood events and uncertainty in SLR projections. Following Buchanan et al (2017) , we define the expected flood amplification factor AF(z) for flood events with height z as the ratio of the expected number of flood events after including uncertain SLR (δ) to the historical expected number of flood events:
The flood AFs reported in this study should not be directly interpreted as changes in flood frequency. What constitutes a future flood event critically depends on the future level of coastal protection and adaptation efforts, both of which are unknown for most locations.
Assessment of population exposure
Following the methods used in , we assess the current population exposed to permanent inundation from GMSL under each GMST stabilization scenario. We caution that this is not a measure of future population exposure, which will depend upon both population growth and the dynamic response of the population to rising sea levels, but is instead intended to provide a summary metric of the human significance of different sea levels. We use a 1-arcsec SRTM 3.0 digital elevation model from NASA (NASA JPL, 2013) that is referenced to local MHHW levels and this study's local SLR projection grids. Projected inundation areas are intersected with current national population (Bright et al, 2011) and national boundary data (Hijmans et al, 2012) . For each GMST target, the population exposed is assessed at the 50th, 5th, and 95th percentile local SLR projection. Further details are provided in the Supplementary Information of .
Results
Global mean sea-level rise
The GMSL projections for each GMST target from the K14 and SESL method are shown in Fig. 1 and are tabulated along with the component contributions in Table 1 . For the K14 method, differences in median GMSL between 1.5 • C, 2.0 • C, and 2.5 • C GMST stabilization targets do not appear until after 2050, when the 1.5
• C scenario begins to separate from the 2.0 • C and 2.5 • C trajectories (Table 1) . The median GMST trajectories diverge earlier, around 2030 ( Fig. S-3 ). This is consistent with the early to mid-century divergence in the radiative forcing pathways and this study's allocation of RCPs in the 1.5 • C (primarily RCP2.6), 2.0 • C (primarily RCP4.5), and 2.5
• C (primarily RCP4.5 and RCP6) scenarios (Table S-2) . Median projections for 2100 GMSL under a 1.5
• C scenario are 47 cm, with a likely range (67% probability) of 35-63 cm. An additional 8-11 cm of median GMSL rise is found for the 2.0
• C and 2.5 • C GMST scenarios, 55 cm (likely 40-74 cm) and 58 cm (likely 44-75 cm), respectively. The sources of GMSL projection variance are shown in SI Fig. S-5 . Using the same framework, Kopp et al (2014) found similar median 2100 GMSL projections under RCP2.6 and RCP4.5: 50 cm (likely 37-65 cm) and 59 cm (likely 45-77 cm), respectively.
Despite being warmer by a half-degree, the 2.5 • C scenario largely overlaps the GMSL probability distribution for the 2.0
• C scenario (Fig. 1) . For all GMST scenarios considered, TE contributes the most to median 2100 GMSL, and we find weak correlation (r 2 = 0.10) between 2100 GMST and the corresponding TE contribution (Fig. S-6 ). The latter is due in part to variation in the transient climate response (TCR) and ocean heat uptake efficiency across CMIP5 models (Kuhlbrodt and Gregory, 2012; Raper et al, 2002) . To test the sensitivity of model-RCP filtering to the choice of GMST stabilization, we additionally calculate GMSL under a 1.75
• C and 2.25 • C scenario. The median 2100 GMSL under the 1.75
• C scenario is 6 cm greater than the 1.5
• C scenario, and the 2.25 • C scenario is 1 cm less than the 2.0 • C scenario (Table S- 3), suggesting that GMST scenarios that are primarily represented by only one RCP may be more sensitive to model filtering.
Agreement between central estimates from process-based and semi-empirical projections implies consistency with the observed statistical relationship between GMST and the rate of SLR used to calibrate the SESL model. Across scenarios, median 2100 GMSL projections from the SESL model driven with CMIP5 GMST trajectories are 6-7 cm lower than those from the K14 framework ( Fig. 1 and Table 1), a difference that is less in magnitude to those between the K14 projections and Kopp et al (2016a) SESL projections for RCPs 2.6 and 4.5 (Kopp et al, 2016a , Table 2 , showing median SESL projections of 38 cm and 51 cm for RCP2.6 and 4.5, vs. 50 and 59 cm for K14). The agreement between the processed-based and SESL projections is less when driven with the MAGICC GMST trajectories shown in SI Fig. S-3 (median projection differences of 8-11 cm; Table 1 ). Similarly, median estimates of 2100 GMSL for 1.5
• C and 2.0 • C scenarios from Schleussner et al (2016a) are 5-6 cm less than the projections using the K14 framework ( Table 1 ). The SLR projections of Schleussner et al (2016a) are based on a method that scales SLR component contributions as a function of GMST and ocean heat uptake (Perrette et al, 2013) .
Population inundation
Under the median projected GMSL for a 2.0
• C GMST stabilization, areas currently home to about 60 million people are at risk of being permanently submerged by 2150, including areas currently home to half a million inhabitants of United Nations defined Small Island Developing States (SIDS). By comparison, under the median projection for the 1.5
• C stabilization scenario, areas currently home to about 5 million people, including 40,000 in SID avoid inundation ( Table 2) . Aggregation of the SIDS can mask important risks. For instance, local SLR projections for 2150 under a 1.5
• C GMST stabilization place areas currently home to almost a quarter of the current population of the Marshall Islands at risk of being permanently submerged.
Amplification of flood events
We assess the effects of different GMST stabilizations on coastal flooding by highlighting four cities: 1) New York, New York, USA 2) San Juan, Puerto Rico, USA 3) Cruxhaven, Lower Saxony, Germany, and 4) Kushimoto, Wakayama, Japan (Fig. 2) . Estimates of the current 10-, 100-, and 500-yr flood (10%, 1%, 0.2% probability per year) and the future flood amplification factor (AF) for all sites are provided in SI Tables S-4 to S-6. Under a 2.0
• C GMST stabilization, the 2100 median local SLR for New York City is 69 cm, relative to 2000 (likely 43-98 cm). In Fig. 2 , median local SLR shifts the expected historic flood return curve to the right [i.e., N(z), the heavy grey curve, becomes N+SL 50 2.0
• C, the dashed green curve] and increases the expected annual number of current 10-yr floods (a flood with a height of 1.09 m above MHHW) from 0.1/year to ∼10/year. However, when both the uncertainty in the GPD fit and the SLR projections are considered in the calculation of the projected future flood return curve (i.e., N e 2.0
• C; the heavy green curve), the 10-yr flood amplification increases to 26/year (i.e., > 2/month). The discontinuities in the flood return curves demarcate the threshold where events are modeled with either a Gumbel distribution (from λ to 182.6 events per year) and with the GPD (Buchanan et al, 2016) . GHG mitigation that stabilizes GMST at 1.5 • C reduces median local SLR at New York City to 55 cm (likely 35-78 cm), and reduces the number of expected annual 10-yr flood events by half (13/year). By 2150, the reduction in expected 10-yr flood events from the 2.0
• C to the 1.5 • C scenario is still roughly 50% (58/year vs. 97/year; Table S-1). Sea-level rise will increase the frequency of all flood events, but some flood events will amplify more than others. While higher frequency events (i.e., the current 10-yr flood event) are expected to increase the most for New York City by 2100, San Juan is expected to experience greater increases in lower frequency floods (i.e., 500-yr events). Specifically, GMST stabilized at 2.0
• C is anticipated to produce 23 current 500-yr floods per year, on average (0.93 m above MHHW). If GMST warming is stabilized around 1.5
• C, the expected number of 500-yr floods is reduced by roughly half (12/year, on average). At higher levels of SLR, the most frequent flood events (e.g., the 10-yr flood) become driven by tidal events, as opposed to storm surges. By 2100, the 10-year flood is expected to occur almost every other day under all scenarios. For some sites, the AF for the 2.0
• C scenario may be greater than or equal to the AF for the 2.5 • C scenario. This can be observed for projections around the Baltic and North Sea where there is large uncertainty in the sign of the ocean dynamics contribution to local sea-level change between models. After 2100, the GMSL overlap between the 2.0
• C and 2.5
• C scenario projections leads to indistinguishable differences in flood projections for some locations ( Fig. 1 and Table 1) In Asia, under a 2.0 • C and 1.5
• C GMST stabilization, by 2100, Kushimoto is projected to have median local SLR of 77 cm (likely 57-102 cm) and 69 cm (likely 51-92 cm), respectively; increasing the current number of expected 100-yr floods for Kushimoto from 1/100 years, on average, to 104/year and 81/year, on average. Some locations are projected to have less local SLR compared to New York, San Juan, and Kushimoto, and therefore less flood amplification. By 2100, under both a 2.0
• C and 1.5
• C GMST stabilization, Cruxhaven is projected to have median local SLR increases of 54 cm (likely 29-83 cm) and 43 cm (likely 25-65 cm), respectively. Considering the entire projected probability distribution of SLR at Cruxhaven, the expected frequency of the current 500-yr flood event will become the future 100-yr flood.
We assess regional differences in 100-yr flood amplification between 2.0 • C and 1.5 • C GMST stabilization by binning ratios of 2.0
• C/1.5 • C expected AFs for 2050 and 2100 (Fig. 3) . Bins on the right side of each graph become filled when there are flood benefits at stations from 1.5
• C over 2.0 • C GMST stabilization, while bins on the left side of each graph become filled when there are little or no benefits at stations from 1.5
• C GMST over 2.0 • C GMST stabilization. At mid-century, only a few sites indicate benefits from a 1.5 • C GMST stabilization that are greater than 50% reductions in 100-yr flood frequency as GMSL trajectories between scenarios have not appreciably separated from one another (Table 1) . However, by 2100, larger flood benefits of 1.5
• C GMST stabilization are expected in Europe and the East and Gulf Coasts of the United States (U.S.), where flood amplification is reduced by roughly half. We find minimal flood benefits from achieving a 1.5
• C GMST stabilization rather than a 2.0 • C GMST stabilization for the West Coast of the U.S., the Pacific, and Indian Ocean regions (Fig. 3) .
Discussion and Conclusions
The Paris Agreement seeks to stabilize GMST by limiting warming to "well below 2.0
• C above pre-industrial levels", but a recent literature review under the UNFCCC found the notion that "up to 2.0
• C would come with several advantages" (UNFCCC, 2015b). However, given the geographic diversity of climate impacts from any GMST target, there cannot be an objective threshold that defines when all impacts reach unmanageable levels. The location-specific increases in the frequency of coastal floods is one such example. The selection of a GMST target has important implications for long-term GMSL rise and, consequently, coastal flooding. Assessing the distribution of impacts of incremental levels of warming on coastal flooding is of relevance to > 625 million people who currently reside in low-lying coastal areas (Neumann et al, 2015) and are vulnerable to current and future flood events. For countries without the economic and physical capacity to construct flood protection and flood-resilient infrastructure-including some recognized by the United Nations as Small Island Developing States-local SLR that results in permanent inundation and unmanageable flooding may threaten their existence (Wong et al, 2014; Diaz, 2016) . The only feasible option for maintaining habitability for these locations may be the management of GMST through international climate accords, like the Paris Agreement, that govern the long-term committed rise in GMSL.
Only considering changes to the mean local sea level, we find that roughly 5 million fewer inhabitants currently reside in lands that will be permanently submerged by 2150 under a 1.5
• C GMST stabilization compared to that of the 2.0
• C case, including 40,000 fewer inhabitants of SIDS ( Table 2 ). The effects of GMST stabilization on coastal flooding varies greatly by region and by return level (e.g., the 10-yr versus the 100-yr flood, ect.). Globally, for the current 100-yr flood, we find that by 2100, the Eastern and Gulf coasts of the U.S. and Europe could benefit the most from a 1.5
• C GMST stabilization relative to a 2.0 • C GMST stabilization, with flood frequency amplification being reduced by about half. However, while fractional reductions may appear substantial in some cases, small absolute differences may warrant similar coastal flood risk management responses. For instance, for New York City, we estimate that the difference in the expected number of current 100-yr floods per year (0.01 events per year, on average) between a 2.0
• C to a 1.5
• C GMST stabilization is only 3 times per year to 2 times per year, on average (Fig. 2 ). While these data could be used in support of local probabilistic risk management strategies that intend to reduce current and future exposure and vulnerability to extreme flood events, some caveats should be highlighted. First, while our projections carry probabilities, the probabilities should be viewed in light of the characterization of the uncertainty of each sea level component. The true probability distribution of some sea level components may be imperfectly sampled. Second, changes to storm frequency and severity as well as effects from waves could significantly influence future flood events (e.g., Reed et al, 2015; Hatzikyriakou and Lin, 2017) . In this study, wave effects are not considered, and we assume that the frequency of storm arrivals and their intensity will remain constant-and thus the Poisson and GPD scale and shape parameters. Modifications could be made to encompass changes in these parameters with time (Emanuel, 2013; Knutson et al, 2010) . Lastly, these projections are for specific tide gauge locations and they may not be representative of the greater vicinity in which they are located.
The selection of the level at which to stabilize the GMST in the coming years will determine the committed amounts of future GMSL (Clark et al, 2016; Levermann et al, 2013) . Our projected coastal flood impacts through the end of the 22nd century should be placed in the context of longer timeframes. Stabilization of GMST does not imply stabilization of GMSL. Regardless of the mitigation scenario chosen, GMSL rise due to TE is expected to continue for centuries to millennia. Additionally, some studies suggest that sustained GMST warming above given thresholds, including those as low as 2
• C, will lead to a near-complete loss of the GIS over a millennium or more (Church et al, 2013, section 13.4.3) . Coincident with continued GMSL rise will be further increases in the frequency of current flood events and an increasing number of currently inhabited areas that will be permanently submerged. A comprehensive approach to managing coastal flood risks would take into account changes on these very long time frames. (Hansen et al, 2010; GISSTEMP Team, 2017) . Table S-2 lists the models used for each temperature target. Middle Column: Global sea-level rise (cm; relative to 2000) from the methodology of Kopp et al (2014) (K14) (blue), using CMIP5 temperature trajectories from Left Column, and a semi-empirical global sea-level (SESL) model from Kopp et al (2016a) (red) . Temperature trajectories that drive the SESL model are also shown in the Left Column. The thick line is the 50th percentile, heavy shading is the 17/83rd percentile, and light shading is the 5/95th percentile. Right Column: Probability distributions of projected 2050, 2100, and 2200 GMSL rise for GMST stabilization targets using the Kopp et al (2014) (2016) is not from 2100, rather it is upon reaching a median 2.0 • C GMST increase at mid-century in an RCP8.5 ensemble. and SLR assumptions for the year 2100. N denotes the historic flood return curve (heavy grey line), grey circles are historical flood events, thin grey lines are the 17/50/83 percentiles of the GPD parameter uncertainty range, respectively. Median SLR in 2100 for each GMST stabilization are depicted by N + SL 50 curves, and the expected flood return levels are depicted as Ne. Top Right: The expected flood amplification factor (AF) for New York City for 10, 100, and 500-yr flood events for 2100 under a 1.5 • C (blue), 2.0 • C (green), and 2.5 • C (orange) GMST stabilization. Second Row: As for Top Row, but for San Juan, Puerto Rico. Third Row: As for Top Row, but for Cruxhaven, Germany. Fourth Row: As for Top Row, but for Kushimoto, Japan. 
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Supplementary Information S-1 Preparation of tide gauge data for extreme value analysis Tide gauge observations are prepared as the basis for extreme value analysis following the methods of Tebaldi et al (2012) . First, daily maximum tide gauge values are calculated from the "Research Quality" hourly observations from the University of Hawaii Sea Level Center (retrieved from uhslc.soest.hawaii.edu, June 2017; Caldwell et al, 2015) . Only tide gauge locations with record lengths ≥ 30 years and ≥ 80 percent data completion are considered. A list of tide gauges and their record lengths is provided in the Table S-1. The impact of day-to-day weather, astronomical tides and seasonal cycles on sea level is isolated by removing sea level change over the tide gauge record. Monthly-mean sea levels over the tide gauge record are used to linearly de-trend the daily maximum observations. Mean higher high water (MHHW) at each tide gauge is estimated using the average of the daily maximum tide gauge observations over the most recent 19-year period. While the MHHW calculation approach differs from the current U.S. standard (which is defined over the National Tidal Datum Epoch of [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] , it is taken after de-trending of the time series and therefore should be close to stationary. Each de-trended tide gauge series is then referenced to its own MHHW level. Finally, at each tide gauge the daily observations above the 99th percentile are de-clustered to separate multiple observations made during the same extreme flood event and so that each observation is independent of one another. The 99th percentile is used as it is generally above the highest seasonal tide and it balances the bias-variance trade-off in the GPD parameter estimation. If too low of a GPD threshold is chosen, more observations than those exclusively in the tail of the GPD distribution might end up being included in the parameter calculation, causing bias. If too high of a GPD threshold is chosen, then too few observations may be incorporated in the estimation of distribution parameters leading to greater variance, relative to a case that uses more observations. Logical flow of sources of information used in local sea-level projections and flood frequency return curves. GCMs are global climate models; GIC is glacial ice contribution; SMB is surface mass balance; GMT is global mean temperature; GMSL is global mean sea level; BA13 is Bamber and Aspinall, 2013; K16 is Kopp et al, 2016a . Orange shades indicate where RCP and model grouping occurs (see Table S -2). Bottom: Logical flow of sources of information used to construct semi-empirical sea level GMSL projections. Table  S -2 lists the models used for each temperature target. S-7 (2012)). 'Local Ocean' is the local sea surface height above the geoid (i.e., 'zos') and 'Thermal Expansion' refers to the contribution to the change in the global mean sea level due to thermal expansion (i.e.,'zostoga'). 
